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Dwl the put tn 7-.r• th•e haYe 'Hen n1:1111erou atu41ea _.. 
or Tartou• Character• l.a ... ~. ! CIIIle oharut•• '1111.1oh ,.., tll011iht at 
t int to be af.Jap1e in blbel'UNIOe haTe •ln•• beQ fo1BI4, to 'M rath~ 
®IIIPlUo 
'l'he data in the f'o1iow.blc pape are the l'enlh ot &II la""'l• 
raUon lll!de 1o 1tu4,y tlle lnherUanoe ot Hill Sa a oro .. 'Mtwe Bart 
reuraUon and Iota Yarletlea et Wheat. 
BIT 0 L lt'!BA 'rtllll 
UltU the lut fn 1..,..• awn lnhvl\NIOe Sa whMt hal ~ re-
prded u oxtreMly liJIIple, that 11, u beinl depe~~4et 011 a •.blc1• 
taotOI' ditteraoeo 'l'he -· Of' the 11 p111lh haYI &-lt &1..,. --
laltei'Mdiah 1a1 1-.rth .._,_ the ... of tile two Pill'•" wttll tM r1 
ratio• 1111 or 1ala1, ael .. llllll u.llt 'Mlar reprf.e4 u ~. 
Reoet}J", hOWIYV 0 It hal blooM appglllt tllat the blblrl'ltNIOI tlf ._. 
b IINOh 11101'1 OOIIPla the the ortclaal 4ata 11141•*•· IYel'a1 wora.• 
ha'fe t0'11114 ,.., lnt.epudet futon aa4 ou hal tow.t •• futon HCI'tCA.., 
IDS ln IWh a tuhSOil u lti'OftSl.¥ to nge1t lSabce \etwe theN ho 
f'UtOI'Io 
The tll'et seaetio •tud¥ on ....U.•• ballel'l'-ae Sa e..t hi'Wl4• 
._. reported 1n 11011 -,. 111ft ell) *• ooae111484 tllat •tM -.u ... ..-
41tlon 11 a 4omf.JI&t, the bearcl.e4 a ~""'"he ohal'ut•"• Otlllr "'11 
worken, parUOularl)' 'l'tloh..-k(il) tlll4 Spll~(l), oMaf.ne6 •tallar 
r .. ulh in the tlret PJt•aUon &114 1n the ••on4 c••aUOil a.110, .._ 
the awnl.ell' lllld aWned pliiAt• 000111Te4 1n a lillple M114ellu raUe ot lalo 
... 
lleoent etiJ11ee b;r Galnee ad Oiz14rletGil(l) ehow 111111161' •ecr aU• wllUe 
Perohal(4) reported r 11 •tiP'esaUon 1D n-ou oro .... to IIPPI'oaft a 
lalal raUo e 1nterM41atee ooourre4. &a.tz4ere(9) q.ueUOUI\ the 
idea tb&t the rtr•t eneratlon between 1111 a.aleee ed aa ~ wbeat 
a.llf&7• ta awnlen ed •1Dta1Ded tbat the ohuaoter or ,.., 1n the .r1 
nried with the wbeatl uaed. 
Honrd 1111.d Bowvd(4) wwe the tlrat to '11111'.11: wlth the vu -.1 ... 
wheat. 'lhe;r OI'OIIK a hllllleu'U4 wbeat with Olle 4eeerllled U lleq 
reallj' a1111leu, a taot the,- ~1ae4 ae illportant, 1n ae ..-ll ae ..., 
or the eo-oalled aal11a nrteu .. relllll ha" 1bal't Up ..... In n. 
r 2 , th'e •-lae1ea wwe ollta1ae4, Yiao, (a) •Urell ~~~~. (b) llaort 
Upe, (c) 10116 Upe 0 (d) llMI'll tull 'bea&'ded, 11114 (e) fulll Mard.e4. !IIIIJ' 
erou,ped all awned 1114 Up-e.WBed ola .. •• top\ht~r ae a1llled wllloh 1n e..,. 
partaon with the amleee 1•n a llal ratio. 'lhele l'eeulh wwe u;lataet 
on a two-taobr llaele. 1t'IW elueee we4 tru, MO. •• the lllort-tippe4 
pllllrtll were OI'OIIed, i'a 1-.p'lf&tlOil lhoft4 110M fulll bMrf.e4 u4 ._ 
••len pliDh a1 .. u u the 1Dt.....U.te ror... '!he, \hu oOD01114e4 
that the &Wiled oan41Uoa ._. doalDMt, 'lbloh _. 1111. opplllUOil to \he 
oODOlu.doa or othar pred.,.. worker•• 
Ill ellallar etlllllee bet- TCota 11114 IIU'4 rlduatlon, OlU'.k(l) 
tolllld a IO..nllat OO!Il)lu OGildlUon 1D the SJIIluolt&ll.ee et aee. le .-le 
the olallee ot •• tn" 111 r1 .ad be arr1"' at \he .... lulOil tbet tu 
amleee oondlttoo _. 4oa1D&Dt 1 11aot \he r l(el&ea 8) IIPPI'IIIMell e 
nearlj' the &Will••• ihllll tbe -ld par•t u4 aleo \hat two , .. ue t10t•1 
oou.ld Dllt enUrel7 aooo'llllt ror the breedlal beb&YlOI' 1D the Ia 11114 r1 
breeding llebeYior. 
to h&lt-&111114 a.nd to &WDed, 11114 ha.lf'•&wnec1 f'oru to a.eed. He P:£~1Aillec1 
hie re8\llta 011 tbe bub ot J!UltiPh a.llel0110rph1 tot .balt-.4 liD4 
tul a.wned plMtl 11'11i.IIB b;r oo..,lu -ta.Uon hom the Ull.leee plMltlo 
A pca.llel oaee in :rioe hal 'Mea reoentl¥ reported 'b;r .r-•111 1lllo 
found ev14enoe or two in4epell4atl¥ izlhuUed tnotote f'OI' -•4no••• lil 
a cs:r011 bo1ift111 a f'UllJ a-d Yll'let,y Mel .a M111111 oae, the .r1 _. 
interllll41ah. ·a. took hie uu rr011 tU r1 pl•t• aa4 (lrn a tn r1 
p:rogonle•• De oonoll¥l.ed thf>t eUher or tho tw faotora &1011.1 p:ro4'1111ec1 • 
1nhr d1a.te c01141Uon aad that the tw t ether p:r.o4W804 full1 4nolopo4 
awno. tie wu unable 11o .. plll'ate hie two intll'11141ato olu•••• 
teWII't(lO) rooent}¥ reportec1 a etroag in4lo•Uon ot linll:ap 
bltften tWO f'&OtOU f'ot UM~bitll in & OJ'OII 'htftlll P•l UMI Of 
ederaUon liD4 &nlv ••••• I. PWO 1 t ne ot .oil J)lll'atal '1111'llt7 all4 
oe 1 taall1ee WOI'e ulec1 in tho ••~· In 1IWIO ot tho tM1U11, llenlll 
troa all of the ra pl81\tl wwo IOWil f'OI' .r1 Protra.Y I'OWio Ia tile ,..,_ 
oue 74 9:s f'aa1Ue1 11'11'1 sro•, the fa pbat. f'I'OII 'llhlola theM - 'Mf.lw 
eelloted at rlll!.dolll 10 fill' ae ••• ,...., ooi!.OOI'Dec1. 
There Wll'e f'o'tlr tne bre~ olueoe, Yia., (a) t1lll7 -• aiallar 
tt~ the SRlv J)lll'll1tJ ('b) &Wille .. , •S.Slar to tM ftl4eratia pan11t, M4 
(0) 111!.4 (d) hO interlll4iatl OlUIIIo 'l'he tnae-llrlec1q plll'etal f'OI'U 
-• resul.lll'l1 m1lllh .on n-roua tiate the tne-wH41Dc intv11141ato 
toru • . Be uplallll thb &au 'b;r •tatillr tbat tile r1 ceut¥,.. u olueltled 
ll,y the .r1 'bl'eec11ac lloba'f1or r&th• Mahl1 nllotarstiatee tM pn._.. ot 
two taotor• tor •••, ~ Ia tq •- U.O.eOM, with cs:rooeq O'fll' to 
the extent or about :56 P41J' oeat. 
Ia 11110$h.er paper StOWIII't(ll) towul IYideDoe 'llblola iadlAted YW7 
etllongl;r that the aboYo theort ..,. at leaet approxt.atel1 oorreot. hoa 
11he .. latter e11'1141ee tt 11 ov14en11 tha11 111Gb or 1llle two taotora -.a »r•••t 
.. paratel.,y produoes a 41tterent, but eoM'Ib&t ~val eaJor etteot. 'l'lle 
aeparate etteota ot the two f'actora oo1ll4 be f.delltltied aot onl.,y Sa tile 
true bl'eedblg r 15 pro.Jeniea 'but aleo 1n the •eGl'esatillc -•· 
'l'he enta uaed, a• prnioual,y atated, ftre Bard federation -
a aeleoilon trOll J'ederaUcm, and Jtab - a *•' btrod'IIOed troaluau.. 
Both are gro1111 ollly t a U11lted utent ~ f.rr~Uon Sa U.llb 11114 u 
7et neither are Tart .. 11 tno1111 f.n thla aeotion. 
Bird rederat1on 1e a Y&rlett af white aprtas Wbeat Wbiah hae 
praYed Yert rellat&Dt to drouth. lt .,.. 4~~Ye1oped about 1101 'r J.T. 
idball, at the 001111& lxperi'*'t StaUoa Sa lfew O'ILth 'falea, .&u.trallat 
by 111leoUon 1'roa federation. It wu iaUod'QDed lato the Qllted l!tate• 
1n 19111 and wu tirat tuted at \he expcS..t naU.ou •t .IIDr& Or..-
M4 Chico aaurcurnia. i'ro111 theae two etat141u aeed wu tiret 4111Vtlnlte4 
to raraera. 
D81or1pt1on.- liard Jef.eraUon hal &111lleal, obl-. apllre•t cla'b rous , 
bro11111 ClW!I&aJ lin llhort, IIM'd, white kerneleo It b Ul ...,l.,y aprS., *-' 
tlh1oh ba8 nr;t etrcmg ,,_ and lhl&ll lean•, tlh1oh twin • 0111'1• 1'1111 
latter habit deore&eel tranep1rat1on &n4 Clark(ll atatee that it le 1111-
doubtedl heritable • 
.Adaptauon.- Bard re4erat1011 hu proftd to lie a h~711l4bll 
Y&riett or eprinfJ *•' ,rown \llld.er d:lt-tar• oon41Uou •t Mol'a o...,.., 
It &leo doll well on ooM 110111 or Oalltomia. 111 the Paoltio Oout 11114 
Satermountaia nate• U often out ,rielda q,uil tr011 a to 10 buhlla per 
acre, and 1a rapldl,y beoo11 an ~ortut ftl'll\7 J.n ~ ot the ••1-ar14 
J:ota 1e a Yarint ot hard. red fPI'brc eeat tlh1oh 1a udett.nt to 
black et.m rut. 'l'he ortalnal eeed. ot thb Yarl-'7 .. oM-.!Ae4 SA lueS.. 
~ ote1eor B.L. JolleJ, ot tho Borth Dakota Jxperl..at Station, ia ltol. 
DelorlpUon.- Kota hu a•e4, tultora apitOIJ ll.ou, wtalte 
l'DIH•J 1111d 1111dlong, hard, red lcemeb. It to a a14 taU, a111a .... on, epr1JIC 
wheat which hu nat to •14 8\rong ••-· 
A4aptaUon.- • aore 110141 or lota hate &'NI'IIPA eon•14•alllJ 
h1 \her 1n Jforth and SouU• Dalcota dur~ the put tw JHI'• thea thoee ot 
qui•, the etandar4 Yviet,y ot bard red eprlajr wbeat, u reporte4 lliJ 
Clvlt( 1). ltota hu abo pro4Ue4 pod ,y1al4e 1n the unbeuten pub ot 
tena a:nd o~alnc. n hu proYtld eOIY'tlhat r .. seta:nt io un.th, u .. u 
ae 411t1notly reeletant to blaok ,, .. ~t, SA the northern ~r ... t Plaine 
araa. In the aore h'lllllt4 aeouou ot tho epr1JW moat r .. lon Xota 1o aot 
well 1111apto4. 
Ml'l'BOD OJ l'llOOIIDD 
It h ltno~ that eat llolonp to i. croup ot aor•U.r •o1t-tert1UH4 
pbnh, natural aro .. ing ooourrtar SA ft17 nro oaeea. lla arUUolal oroeo-
the oro .. b ~·at abOut the U tho onrie1 •• nttloietl,r •t'" 
and before the a:nthar• n broken. All ln&t the Ollhr tlorote ot otpt 01' 
1: or the central aplkole .. AI'O r.nod. '1'ho ..appor aod loww aplalote 
are out ott .tth ebure. '.l'ho oentral tl rot oa oaob eplkolet 1e r0110ft4 
ll,y graopiii,IJ it nN.r the top ~ toroope aod P'Ulill« 4~war4. tho toroope 
a then aareMly pueho4 betwea the 1- and paloa t.nd the tlowr opeo4. 
'l'he three stamen• are then rii!IOYK, csara 'bel euraisod ut to ptrtora 
thb peratlon so tiM bei'ou the pollm 11 •ture. on all tho at&lllll.l 
are r e nd, ture pollen tr 1'1 the oth• pal'ent; 11 eeowed ADd lhaten Oil 
he • l6mU 1n e&Oh tloret. 'l'b.e poU~~t eho1ll4 'M o'btalned tro• atb•o 
that han tvned )'ellow lilllt not 'broae, '*' 1lbeft it u r.-47 to 4o •· 
Unalll a •lncle Mther,that hal Jut llahoe4 1n haa&llng, 11 plMe4 Ill 
each t'loret, tboi!P oo .. u .. a o.u uther hued to pollinate on•al 
etf«w.a, Uhr au tho -•oulated tlonh aro pollinated, tho hoad h 
,.,..on. 
1'ho 01'011 ··- 111\1'4 roa.atlllll u4 bta ...... .,, ... tll.o a'llon 
• Uoned IIIUUlOr '117 • Ooor10 .,, ..... ,, 1n tho IJII'lnl fit UU pr~ilT k 
lhd.y the fnherUIIDOO ot aelo lou tu1110I _. 118K liP to tho la 
generation but at plamln,t tSM, Sn ltll, all but two ••• dle .... 4ed. 
!t the ttme or •eedSq tho r 1 ll'•ln ..... •o• 1n ro•• two teet apvt, 
wUh the kel'nell about a toot llll4 a llal.t' art in tbe rowe . J.t •t'lll'iV 
the next ...... 
ftlo kernel• troa tho r 1 plant• -o •o• tho 11td ,.,... 1n rowe 
no oot apart wSth p1Mta thrto or tour tnobol in the row. Data Oil tho 
awno or o&Oh r 2 p11Ud wwo take at tho t11110 or har"oat. 
In the 'beiinalng the pllllltl -• alueStied into 6 oJ.u••• aootl'll~ 
to awn11 A• a1a11 O(awo .. h •• o1uo 1(1hort um Upe)a awn olall I 
( lhort•Up awn• in lo ... r ~t ot apiko ud part 1oncth awno in -qpper hale h 
&Wilolau 3(noar1T tullT -ed) M4 •-lao• o&(tulll Mlled) . J. notaU• 
•• allo IIIA4o u to tho oolor or tho craln ad oo1or or tho «1-•• fwl 
hoade from ellllh p111Dt ... ro tbreeho4 to cot o~r•m ae1or, lllld tho .. .._ 
threshed kernel• 'Oire pl&Ood 1n en oarolopo whioh .... marked with tho 
~ reo number ud p1et D.'lllllbol' an4 AYod zUl tho tollowillr TMlt wtaoa 
thq wore oeoded 1n a J's pro,:en,r row. 
_.,_ 
• e p l to tro• the .. r 2 lalrntle oonet1tute4 tile r 1 Pl'oc-¥ rowe 
from 1ch 1:11• data tor the conolua1011t _.. obta1ne4• eaah proc-.r lleiJII' 
re.IV4t4 au 4tnotln8 the true 1enotne or ' a plut from lbiob it .. 
4eeocm4e4. 'l'he data on the r 1 pr~ plaah wwe tllktG u oooa attw 
head in« ao the aeo -• tull1 4neloP"'• 
'2be t1ra1: thln8 done in oolleot 
ron wu to go thl'u the rowe Nl4 _.11: tho" whiob IIC'peu't4 to lie llre•S.. 
trne ror one ot the - 117Jiel 11114 ibm co thnL ••¥ -etull' a oeoaa4 • 
third t1Jit, it neoeuar,., to Mll:a ove thq _.. trae llreedilll• 
Athr thio nt doM the writer ent thl'll the ron whiob _.e Otp't-
ptiJII' and UIAde a oo1111t or the a~allel' or plate or ..a tne toad lblle 
a olper tallied the••• 
'l'h11 -.no dolle l ,y settbl&' utr14e tile row 111&4 ptheriJII' the llH4t 
or eaoh plNit in a 'b'IIIIOh ADd oallS.. etf the All tluo to whloll 111 'N~t&. 
In p laou where the Plllllh wve Yert th1oll: uad the ouw •re or 1•• lllter-
woYen , it u neoe .. ar7 to b .. in at the fri"OWIA ~-all the .U.. ef 
the plant t ocoth M4 rouows.n.r thelt 
li wu at t1r1t att~~~~Phd to 4h14e the ••• into f'1H ol&lttl•la 
ll:etpina with Olarll:•e(&) nuerUoa•• llbo tholllbt be tQQIId the tn.-llret4S.. 
•• ol.aooeo. Oaretu oheok 
pareto ahowed onl,y rov vue-'bret4111&' elu•••• Bar4 Ft4eraUCIIl r....-
rro ent1l'el7 aWille .. to 'ftr¥ lhort ~. Pl'os-ieo with a o1a1lu I'III!Ce 
1111re ola .. 1tit4 •• llel 1IIB to - olallo 1. 
nt tuil; :120 th re wre 1:13 ra prop~~lel MOll from a •11111• 11 
pl t . 'l'he plt.nta ot each f 3 taail¥ 'liVe ola .. 1ttt4 aooordiDI; to -•· 
A •U~St:W'Y ot the d ta le e;1 wn be1ows 
ora 
lfo. ot F3 t1111111 .. . bree49 tn.ei 
I 
Awnl 1 -------------------• 18 I wn• a----- 11 , 
lllllll - --- tiO 
Awna • • ---11 
-e-
"-11'1l• 1, a----- " 
..... 1, •• l! .. 
...... 1, 2, ll, ' - '11 
-..a, s, • .a 
A11'1ll 8, 4- --II 
'1'\\e p1anh 1n each ot ~e IS16 row• _.. oludtlec\ lftd ~ 4ata .-rue4 
b.r t~11el •• tollowe, 
.... 
lo. ot f 3 tam1Ut• brted!ntJ tajiilt l(o, ot Is t11111Ult• •!lt!f!U¥ tPa 
• 
.Awns 1 --------- 11 J.-.a 1, a --------- 111 
Awnl 1- 17 A.-.a 11 8 1 S- II 
A'llll.l l! 16 
Awn•• a 
a 1, 1 1 11 0 6 -81 
~. ... .... ' " 
A Awull,' u 
the • :regated eaoh 1n a dleiinct MDner. 
La" ua deatenato ruu awe •tiC!!. •• ooour 1n the Jtota parod 111 
A.lft( awn o1uu 4 I ; lOlllf ap 1oal 
b.r AAUa well 4on1oped Up awnt(awn laae I) 111 &aftJ YUV llbort Up 
a11na and awnlell 'beall:l liJ' aa~t( awn ola11 1). Awn clue 11 u ber• deter-











The upeoted breedf.n6 uhre Of the 9 IIJirOttllll 1111 Sndioa..- bel'el 
I l) BJoeed true tor awna 6 
(2) llet;regate tor ••• s, 4. 
( 3} • ate tor Mll'll 2, 3, 4 
(4.} f. 1, a. a, • 
(0} Bretcl true tor &wnl I 
I I -e.Fes•te t'or •wn• 1, a, I ( .,, 1, a 
'8) Breed tl'Ue !or •wn• a 
(9) 1 
or the 9 aorh ot genot,-Pe• (1), (CI), {0) ,, IW1 (9), are the t1'111t-
'breed~ toru tor •• clu••• "• ;t, a, and 1 n•~U.nl¥• ~tDot~• (I) 
4 (S) are .-.oh lloaoi,Y!Jou tor one 4oaillllat teoto~ ea4 hetwoa.r•ou tw 
the othar, (a) be~ hetero•n011a tor ft 11114 (~I tw M. Otaotnee (t) 
and ('1) dirter 0114' 1A thf.t (6) 11 hOaoa.r• u •-•.t.,. te " 11114 ut.-o-
171r0U !OI' .Aa, WhU- (1) 11 boaoqpu ~ .. he tw M 11114 ut .. qpu 
On the butu or total t 1 fll!ll111e•. tll.e .nUoa ot t•U.1•• \U.l 
bred ·tnw for ani! Jn vaa-!Du Jll¥1 •l~A'•t a two t•tM' 4lft•tll0•• /I, 
etriotl.J' indeptnd-ent ••ss-esa:uorl .. \114 alve apPJ'~•elf equ:L ~· 
1n eQOh or the r 01:&' ola.ee• tht.t Wed. in&e. lft11• wu to•4 Sa 'botlll 
f&~a111e• etudied, 'l'hen WM to'GDI1 a ratlD t~aat .,podMitl a 1alail4.a1alalalal 
tor independent eqegaUoa, or a lltlaltl tallclllc \he t cenoQ'pee 'llh11b ~tee 
a 2 factor dUfeJIII'loe. 'l'b.ue 11 a ~ alOIII/' llpPI'OXf.li!aUcm to thle Sa t..U, 
31i!G than flllil11¥ 3& u 1JI4loate4 b7 the o41s••• ot tU ·~· 
ln fable 1 the olottn•" ot tlt '' the oa1oula'e4 eapeotUfl le ~i~ 
•1o-
~lilt),. C.Uula11ed.(O) lllld o'll•"•lt4tOI ~· ot '• geDOi¥Pfa .. 
cleier111lned. bi ttl• r, brttcllllg W.•l• 
(IMiJ.J 110t poa m 191e a11 l.o06C1 VUh) 
1 !o; D!l • (0- 011 G;tnotn• 0 ·9 o-a t 
I· I 
U'm' u ·ao.-tif'O I • lolG'II 
' 
1oQOl l •0618 
.Uft 
" 
40 ... ,.. I 
- 1.17. 1.1101 , . ,0661 
' Aaft' 4S 6() •• ,. 
··-
I 6oet01 .1?06 
l 
Aaft .,. IOo'IO I -.. , . ., ... .0917 
.Utt 80 10ol071 
-
.11?6 I .oaa ;oou 
A&tt 
" 
40 ... .,. 
• - 1.1171 UoltOI .... 1 
I 
•ft ... -t<lol?lS ., .... ... u.a '1.~ 
I 
... T'l a1 *'•l8'PI • .81.18 I ._6toa .OIIf 
...... u !2!l!" - ~·11!! 1-':W& I 1oan 
l I 
ro-.1 ... !!! 1' • I :l'lt t11 : Iaiii' 
•11• 
:bl• a. ll&loul&tet(OI 111111 ol> .. net(OI auber• or p11111ta In HOb._ 
groU» of I 2 genotype• aa dt,enlne4 bJ' 'ht ' a llrte41.111 llehaY1o!r 
(i'aalq 31i'J crom Sa 1tlll at ·LOpll, tnllb) 
G~otype 1 0 0 0- 0 IO - Ojl 1 lo - ~1
1 
~ 
U.'l"l' a J.t.fl s.u 10.101 .IN 
u.~ 48 H.DO a.ao I u.uoo lolltl 
,., 3tol0 ?.10 I 66.1100 1.4MO 
~ 11 ?t.oo a,oo 4.0000 I . • 0606 
I 
U.tt 16 lt.fl 
- a.va • 11.0611 ..... 
' tt sa ep,eo I 
- 7.10 • 116.1100 I 1.4MO I 
....... sa 
"·DO - 7.110 ' 16.11100 1.4110 
u.'l'l' 1'1 11.'11 -.. .,. ?,IIIII! .HM 
u.tt 11 l'·" lilli ~·!!• I =0710 • 
'l'otal 311 1!6 
'• 
.61116 111 !! 'allf.l 
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Cor t411ltl7 3$~ 1' • o!l'l'lt 'llhioh ia M enre•~ good tU, lhoft ~ .. t 
97 oa .. a of' 100 wos-.. tit 1111stlt ~ expected trom ohanoe alone. Ill 
Table 2, the aloe-. .. or tl- tor tUill,r :Sir 1• ahoe to be .4626 wldoh, 
tho aot uarl,y ao pod a ru aa t01814 Sa t•il.Y J2l, aUll Ul4loatell a 
8'00¢ -·· 
At etated .bei'ore,lloth theae tlllll111ee appnxUnate a lalh2atala2alal 
ratio, wJ.ah· 1a ~~hat 11 up.Oted ft# st1'1otlJ· tndOV.ndent aepegaUoa. 
It ~. therefore, be ••C.lt con.oliiMd tha11 the Fs seno~e• u ol, .. lits-4 
by the :r1 l:l'ee4in8 btlh&vlor rathu h1Sh17 aub•1t.lnt1at .. the proleno• ot 
two i'aotou tor awns, 1nd1Pandantly iDherUtd. 
'fhll arou a -dllt to etua,y &a 1nherU~:~oe cmd to dlaoovol' the 
~ or taotor• involved. 
'l'he P&rillh ~all ln tbe oron _.e Bioa'd federaU.oa, an -lell 
vaaotet;r lind Jtota, a tull,r &""14 wheat • 
In 13 the i'2 ge~.owee Wire te1ted. b,y the bretdfng behaYlor ot 
r3 tam111e•, I&Oh from a •tntl• r1 plant. lour tFue breedinf o1a1111 
u foUild &nd five wh10h •~EtVcated each 1n a dilt1not IIIUQI41', 
11m \he obaarved proporUOllll or each or th11e 9 ~tne• were 
atlli\ied b,y the oloe-•e-ot-tit l!lil~d, the t'IIO l"'• Wdl'e o.97 11111!, OoU, 
both sood fit.. It ••• r...,onable to aonelude that there 11 a two-
factor U.tterenoe fll'r awn•, indept~~4entlT Saberi ted. 'l'hl aJ.at••• wwe 
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During the ast few year:;"l;here have been"'~ 
of various characters in eat , Some characters whic ~e thoUJht at 
first to be simple in inher itance have si
7
nce been ~ und to be rather 
complex . 
/ 
rhe ~ata in the fo llowing pages e the results of an tnvesti-
s.tiol} ~e to stud;; the inherite.nee of awn in a cross bet en Hard 
Federation and r.:ota varietie of wheat. 
l1t tfl the last few years <m !nherite.nce in heat ha~ ~Pe-
:arded e.s extremely ~le , that is-, e.e bei.n,> dependent on a einc; le 
factor difference . TJ e awns of the P1 pl ants have nearly al1~y been 
intermedifte in leJ;JGth between the awns of t, e t 10 parents with the ? 2 .. "'.{ :h, 
_. I /<.-
ratiOS 3 :1 or 1:2:1 , 4 \'llllessness "; u.all be~r&:;arded as dominant , 
Rec entl· , however , it has become ppe.rent that the inheritance of awns 
ia lc<>.ch '"ore complex the.n the ori_;inal dat indicated . ~evera.l workers 
fia.ve found t o independent factor and one hae found two factors se re~e.t-
in.; in such a fashion s strorJl:l! to s~~est link1>,3e , ~ 1een these CliO 
~tor r 
The in wheat hybrids 
s reported in 1905 b • "iff en( 1) who conclt..ded that "the beardless con-
dition L a do in t , the bearded e. recessive character" . Other early 
orkere , ~rticularls Tscherme.k ( l2) and ~pillme.n ( 8 ), obtained similar 
rest<l ts in t. e firet ""·er.erat i on and in the eecond 0 enere.tion o, when 
the a. ml ese ='- \.ned plants occurred in sim.le mendelian ratio of 3 :1. 
{,-/- 41n• / 
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Recent studies by 1aines and Singleton(3) sho1v similar segregation while 
,ercival (4) reported F2 segregation in numerous crosses to a proach a 
1:2 :1 ratio when intermediates occur red , ~aunders (9 uestioned the 
idea that the first generation betweeL an a~nless and an awned wheat 
always is o.wnlese and maint ained that the character of awns in the F1 
varied with the wheats used . 
Hov,ard and Howard (4) were the first b 110rk with t he true a1mless 
wllea.t . They crossed a fully bearded wheat with one described as beJ.ne 
re~ll, mlle&s , a fact they emphasized as imrortant , in as much as oany 
of the so-called e.wnless varieties reall;r have short ti;> awns . In the 
F2 , five awn- classes were obtained , viz ., (a) entirely avmless , (b) short 
tips , (c) lone; tips , (d) near l y ful l bearded, and ( e ) fully bearded . They 
c;roupecl all e.wned and tip- avmed classes together as awned which in o6111-
arieon with the awnless save a 15 : 1 ratio . These reaults were explained 
on s. two-factor basis . Four classes bred true , and 'lhen the ahort- 111 ped 
pl>:.nts were crossed , F2 se~-re,;-ation shoned some fully bearded and some 
a1mlese p l en.ts as well as the intermediate forms . They thus concluded 
' thst the awned condition was dominant , Vlhich was 411 oppodtion to the 
conclusion of oth&r revious •ork:ers . 
In similar studies between Kota and Hard Feder ation , Olark(2 ) 
found a somewhat complex condition in the inheritance of awns . He made 
five classes of awn types in F2 and he arrived at the concl usion that the 
awnless cond.ition v;as dominant , since the <\ (c l ass 2 ) ap roached roora 
nea.rl;,• the awnl ess than the awned parent and a l so that two genetic fac t ors 
could not entirely account for the breeding behavior ire the F2 and F3 
breed inb· beha.v ior . 
I<ilsson - Ebl e ( 6) obtained by !IIIltat ion true-breeding forme of 
avmlesa , half-aimed , and aWI\ed wheats . A1mless form~ · were partly domil'lant 
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to hal!' - a ted and to a med , and half- wned fort~e to a .ned . F.e ex l ained 
h is =e~ults on +he casis of ~ultirle a llelomor hs for half - avmed and 
:tlly a.•.med p l Mts arising by cot l ex mutat ion fror.J the a\lnless plants . 
" parallel case in rice has been recently re .orted by Jones( 5 ) who 
found evidence of two independently inherited factors for awnedness . In 
a cross between a fully sNmed va.riet and an a.\mlees one , the F1 was 
intermediate . Ee took his data from the F2 plants and grew a biw F3 
pro;enies . lie concluded that either of the t wo factors al one ,reduced an 
intermediate condition and that the two to~ether produced full• developed 
a.ns . :;e was unable to separate his t wo intermediate classes . 
~tewar t(lO) reeeN~lJ reported a stronb indication of linkage 
between two factors for aw:nedrtess in a cros s between pure lines of 
Federation and ~evier wheats . ure l i e of each parental variety and 
three F2 families were used in the study. In t wo of the families , kernels 
fro.n 11 of the F2 plant s were sown for F3 progeny rows . In the other 
c e 74 3 families were GrOwn , the F2 plants from which these c~"e being 
selected at rando m so far s awns 1ere concerned. 
There wer e four true · breed1~ classes , viz. , (a) full awned similar 
to the ~evier parent ; (b) a'llless , similar to the Federation parent , and 
(c) and (d) t110 intermediate classes . The true-breeding parental forms 
were rez ularly much more nwjerous th~ the true-breeding intermediate 
forms . UQ Q",.laia& bhis ll~>41Bo 'eS &h,ke t!e+ J he ~·2 o;enotypes ae classified 
by the : 3 breeding behavior rather h~hl substentiatel the presence of 
two actors for awns , both in the same chromosOJle, with crossing over to 
the extent of about 35 per cent . 
In Jii&D ther ~wart(ll) found evidence which indicated ..,.... 
~i~ that the above theory was at least ap~roxirnately correct . :rom 
t he se latter s t ud ies it is evident that each of the two factors when present 
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separately produces a dii'ferent, but sooewhe.t equal major effect . The 
separate effects of the two factors could be identified not only in the 
true reeding F3 progenies but also in the seeregating ones . 
The parents used) a;tr ;;re•liea&l0 stated , were Hard FederatiO!l ~ 
~ ar e ~rown only to a limited extent under irri;ation in Utah and as 
yet neither are very well known in this section. 
Hard Federation 
Hard Federation is e. variety of white spring wheat which has 
proved very resistant to drouth . It was developed e.aout 1900 by J . T. 
J:>ridhe.m, at the Cov/fA Experiment Station in !1ew South Wales , AustraUa , 
by selection from Federation . It was introduced into the United States 
in 1915 and was first tested at the experiment st ations at MOr} ,oregon 
and Chico 1California. ~rom these two stations seed was first distributed 
to fe.rmera . 
Desc!J~·- Hard Federation has awnless , oblong spikes ; glalroua , 
browm 6lumee; and short, hard , white kernels . It is an early spring wheat 
~~~~~very strong stems and small leaves , which twist on cur l . Th i s 
1£..._.,.1t.4-t. .. 
latter habirAdecrease transpiration and Clark( 2 ) states that it is un-
doubtedl,- heritable. 
daptation . - Hard Federation has proved to be a high- yielding 
variet of spring wheat grown under dry - farm conditions at JJor.i' Oregon . 
It also docs well on some soils of California. In the Pacific Coast and 
' {.vv.v 
-.v";,. intermountain states it often out_:.,iclds Mi3.r uis from 5 to 10 bushels ~ 
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&&el ions u._ the n&ilt. 
Kota 
Kota is a var i et y of hard red. s rinc; wheat which ie resistant to 
bl acK stem rust . The ori,;inal seed of thi. variet;," was obtained 1h Euasie. 
by Professor H.L. Belley, of the North Dakota Experiment Station , in 1903 , 
Description.- Kota has e:.med, fusiform spikes; glabrous, white 
;l~~es ; and. midlollb , hard, red ~ernels . It is a mid tall, midseason , spring 
rheat which has weak to mid strong sterns . 
Adaptation.- The acre yields of Kota have avera}ed considerably 
hi ;her in Nor th and ~ ·ut h Dakota durine: the past few years than those of 
!l..e.rquis , the standard variety of hard red srring wheat , as reported by 
Clark ((}. Kota has also produced. e;ood yields in the northeastern paz· ts of 
.;onta.ne. a.nd ·.7yoming , It has proved somevrhat reeista...'lt to drouth , as well 
as distinct l ;y resistant to black stem rust , in the northern Gre .. t "'lS.ine 
area . L: the more h~id sections of the erring wheat re0ion Kota is not 
well adapted . 
METHOD OF FR CZDURE 
---------
It is k:nOVlll that wheat be l one:• to a oup of nori:lally self-fertilized 
pl ants{ nll.tura.l crossing occurring in very rare cases . In artificial cross-
inc fe erose is nlade et about the time the ovaries are sufficiently matu:De 
e.n"lbefore the anthers have broken . .,u but the outer florets of eight or 
t~ of the central s i kelets are rem~ved . The ~pper and lower spikelets 
re ~ut of" wi t h sheare . The central fl cret on each spikelet is re10.0V~d 
cy grasrinc it near tl:e top by force s end pulling d0tmward . The 
are then cs.refull.;r eushed be t\leen the lemma and palea a.nd the flower 
I 
The three stame:c.s are t hen remo ved, ~are being exerciseJ. .Dt to ,ertfor'tn 
I 
this operation· sometime before ·bhe rollen is mature . iilien ell the / eta.rnena 
r e r ved , Jature _ olleu rr~m the ot tU' • . r ent i s s ecured d !haken on 
the t i._:!JaD in e "loret . The ol l en ehould oe oot ined Zrcm a ther 
t t.at have turt.ed ellow but not br ~Len , it i read. to ~o o . 
OsUAll. S .in le ahtl'.er, that has juet del isced i I harodlin;:: , io pltJ.Ced 
eac~ flor .. t , thou~h sorne t in.e s one antl'ler is used to pollir.a.te sever 1 
sti_tu~.a . "'ter 11 th e emascul ""'l d florets a.re polliu:.ted , t e head i 
-re.. _ e ~:> ~tiL a l e8£ f r ot.J ~lie whe t .la.nt and labeled . 4 en the rain 
iv ce.ture the ~.e ds ar e broken orr """d reserved until 
ete.sor. . 
The cross be t .e7n ~ rd Feder tion e.nd Y.:ota YI&S made at.t.» •he Ml'• e 
in the apr ing of 1925 rimaril to 
tt..d,; th~ irheritar.ce of a 'ma . Ro\:l' families v-era used u:- to t!te i 2 
~enerat ion 'Lut a t l nti113' time, i o 1920, all but two 1ere disc rded. 
~4 LW.A.(/ 
tt' t s ., '0 ') ·•d'·•rrhe Rl ~ '" ;oo,(j sown in rO.IS two r~et e.) rt , 
with t- . er ~h lout foot c.r.c; a H ... art in the rowe , ~t matur1t 
G~l 
the heads ere ~Te o~ ~~d the rain e ved for seed~J the next eeason . 
'i'ho ker .. el e fr om t he F 1 .la.nts ere so .r. the !"~e."tt season in ro e 
.... t--· 
one ·~ot part with ~lante three or Cour inches~ in the ro • Data on the 
,e or each F2 1- nt were t o.ken at t .a t1 e of har vest . 
In t he be0 innins the plants were classified into 5 classes according 
wn cl~a O(awnless) ; ;>.wn, lass l( sh~ort e.0ti s ); e.wn cle.aa 2(# 
b-<-- :u....... ....... ~' .J J--._ ~ ;./+ • ~~~ 
. ., ) J., 
ms in lo·rsr hal -' of s 1 e and part len5 th awns in u;: er ne.lp; ( ohort-t 1 
M d awnclns s 4 (full.>' awned) . .... notation 
wa. l o e.de as t o the color or t. e r in and color o" the 
Le .d~ frOJJ each p l ant ere tLrethed to et CT in color , c.nd the$ WioOa. 
thre•hed ker,.el were laced in an envelo e which was mar:Ced with the 
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roe;eny rows 
pro.:;eny be 1ng 
re~a.rded as denoti.n,; the true ,;enot ype of F2 la.nt from which it lias 
de<cended . ~1e data on the F3 progeny plants were taken as soon after 
heading as the awns were fully developed, . 
The first thing done in collectinu the field data on the F3 PrOgeny 
rows was to go thra rows and mark t hose wh ich a.p- eared to be breeding 
true for one of the awn types and then , o thru very carefully a second or 
third time , if necessary , to ruake sure they vrere true-breed in,; . 
ter this was done the writet'went thr~ows which were se"re-
gatin6 and made a count of the number of plants of each type found while 
a helper tallied these . 
This was done by getting astride the row and gatheril1b the hea<is 
of each pl ant in a bunch a.nd calling off the awn class to which it belonged . 
ln places where the plants were very thick and the culms more or leee inter-
woven , it was necessary to be3in at the ground grasping all the culms of 
the plant together and followinu these up to the spikes . 
EX1'ER I. :Eli TAL RESULTS 
It was at first attempted to divide the awns into five claeses , in 
keeping with Clark' s (2) suggestions , who thought he found ~rue-breeding 
awn classes. Careful checking of F3 progenies and comparison with the 
parents showed only four true-breeding classes . Hard Federation rSJlged 
from entirely awnless to very short beaks . Progenies with a similar range 
were classified as belonging to awn class 1 . 
ln family 32G t here were 323 F3 progenies each from a singl-e P2 
plant . The plants of each F3 family were classified accordin.; to a.vms , 
- (l-
~ s wrunary of the data is g iven below; 
or: 
no . of Fz families breeding true/ No . ~frutrilies segregating for: 
wns l 
--------------------














19 wns 2, 3, 4 
----------------
43 
Awns 5 , 4 
-------------------
39 
In family 33F a.n F3 progeny of every F 2 plant was likewise grown . 
The plants in each of the 316 rows were classified and the data summarized 
by families as follows : 
for: 
No . ofF~_!_~_:! breeding tr'iie7: No . of F3 i'amilies segre,;atiilg for: 
.wns 1 -------------------- 21 
Avrns 2 -------------------- 17 
wns 3 -------------------- 16 
Awns 4 -------------------- 23 
A 
Awns 1, 2 ------------------ 32 
wns 1, 2, 3 --------------- 3~ 
wns 1, 2, 3 , 4 ------------ 81 
wns 2, 3, 4 --------------- 47 
wns 3, 4 ------------------ 46 
An exwnination of the summaries of avm behavior shows that ~ 
~ geReP~:t49<1 ef fm~il ies !llli'l an& i!lli!' there occurred 9 g enotypes of plants 
according to awn- breeding behavior in F3 . Four of these bred tr\J.e and 
five se~regated each in a distinct manner . 
Let us designate full awns such as occur in the Kota parent by 
TT(awn class 4); l ong apical a\ms but short lateral awns ( awn class~) 
by Mtt; vrell developed tip awns(avm class 2) by ae.TT; ver:· short tip 
awns and awnless beaks by a.att ( awn cla.ss 1) . vm class 1, as here deter-
mined , has the same range as the a.vmlees parent , Hard Federation . 
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The folloHing zygote enotype< as far as awns are concerned are 
expected : 





The expected breeding nature 
( 1) Breed true for awns 4 
(2) ..Je.:re ... ;e.te for e..wns 3 , 4 
(3) Se ~:-:.~ate for awns 2 , 3 , 
(4) 1 , 2, 
(5) Breed true for avms 3 
(6) Se3regate for avms 1 , 2, 
{7) 1 , 2 
( 0) Breed true for awns 2 
(9) 1 
(6) Aatt 
( 7 ) ae.Tt 
(8 ) ae.TT 
( 9 ) s.att 
of the 9 zygotypes is 
4 
3 , 4 
3 
indicated her e : 
Of the 9 sorts of genotypes (1), (5) , (8), and (9), e.re the true-
breeding forme for aVID classes 4 , 3, 2, and 1 respectively . Genotypes (2) 
and (3) e.re each homozygous for one dominant factor and heterozygous for 
the other , (2) being heterozygous for Tt and (3) for Aa. Genot~~ea (6 ) 
and (7) differ only in that [6) is homozygous recessive for tt and hetero-
zygous for Aa. , woereas (7) is homozygous recessive for e.a. and heterozygous 
for Tt . 
On the basis of total F3 families , the ratios of families that 
bred true for a1vns in various vmys s~est a t wo factor difference , A 
strictly independent segregation would 6ive a.pproxi~tely equal numbers 
in each of the four classes that bred true , This was found in both 
f mllies studied . There was found a ratio that ap roximates a. 1 : 2:2:4:1 : 2:1: 2:1 
for independent seo-regation , or a 9:3:3 :1 taking the 9 6enotypes m1ich indicates 
a. 2 factor difference . There is a much closer approximation t o this in fa.mily 
32G than family 33F as indicated by the goodness of fit study. 
In fable 1 the c l oseness o fit to the calculated expectancy is given 
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\ 
or family 3~ . = . 9714 which is e.n extremely .,ood fit, shows that 
A,.....~ 
97 ca.ees of 100 worse fit mi~ht be expected ~ chance a lone . In 
Table 2, the closeness of fit for family 33F is shown to be .4526 which, 
th~ nearly so good a fit as found in family 32G , still indicates a 
good one . 
As stated before , both these families approximate a 1: 2:2 :4:1:2:2:1 
ratio, which iB vmat is expected for strictly independent s~-rega.tion . 
It may, therefore, be safely concluded that the F2 genotypes as classified 
b~ the Fz breeding behavior r ather highl substantiates the presence of 
two factors for awns , independently inherited . 
Sillll\!ARY 
This cross was made to study a.vm Uiherita.nce and to discover the 
number of factors involved . 
The parents used in the erose were Hard Federation , an awnless 
variety and Kota, a fully awned wheat . 
In F 3 the F 2 genotypes were tested by the breeding behavior of 
F 3 families , each frotn a single F 2 plant. Four true breeding classes 
were found and five which segregated each in a distinct manner . 
Vllien the observed proportions of each of these 9 eenotypee were 
studied by the closeness- of-fit method , the two P ' s were 0 . 97 and 0 .45 , 
both g ood fits . It seems reasonable to conclude that there is a two-
factor difference for awns, independently inherited . The classes ware 
clear-cut end definite when determined by the F3 breeding behavior , 
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INHERITANCE Oll' A\'INS I N A KorA X HARD FEDERATION WHEAT CROSS 
George Stewart and B. Ira Judd 
Unti l the last few years awn inheritance in wheat has been regarded 
as extrenwly simple, that is, as being dependent on a single factor difference. 
The awns of the F1 plants have nearly always been intermediate in length 
between the awns of the two parents with the F2 and F3 ratios most frequently 
3:1 or 1:2:1. :itWBleeeseee has usualll 'bee11 regerd:ed as dem:i:seR~ Recently, 
however, it has become apparent that the inheritance of awns is much more 
complex than the original data indicated . Several workers have found two 
independent factors and one has found two factors segregating in such a 
fashion as strongly to suggest linkage . 
REVIEW OF liTERATURE 
The first genetic study on awnedness inheritance in wheat hybrids was 
reported in 1905 by Biffen(l) who concluded that "the beardless condition is 
a dominant , the bearded a recessive character" . Other early workers , parti -
cularly Techermak(l2) end Spillman(S), obtained similar results in the first 
generation and in the second generation also, when the awnless and awned plants 
occurred in a simple mendelian ratio of 3:1. Recent studies by Ga i nes and 
Singleton(3) show similar segregat ion while Percival( 4) reported F2 segregation 
in numerous crosses to approach u 1:2 :1 r at io \Ohen intermediates occurred, 
Seunders(9) questioned the idea that the first generation between en awnless 
end an aYmed wheat always is avmless end maintained that the character of awns 
i n the F1 varied with the wheats used. 
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Howard and Howard (4) were the first t~ work with the true awnless wheat . 
They crossed a fully bearded wheat wi th one described as being really awnless, 
a fact they emphasized as important, i n as much as many of the so-called awnless 
varieties really have s hort tip awns. In the F2 , five awn- classes were obtained, 
viz., (a) entirely awnless, (b) short tips, (c) long tips, (d) nearly full 
bearded, and (e) full y bearded. They grouped all awned and tip- awned classes 
together as awned which in comparison with the awnless gave a 15:1 ratio. 
These results were explained on a two- factor basis . Four classes bred true, 
~ l~ and when the~ short-tipped were crossed, F2 segregation showed some 
fully bearded and some awnless plants as well as the intermediate forms. 
They thus concluded that the awned condition was dominant, which wee in opposition 
to the conclusion of other previous workers. 
In similar studies between Kota and Hard Federation, Clark(2) found a 
somewhat complex condition in the inheritance of awns. He made five classes 
of awn types in F2 and he arrived at the conclusion that the awnless condition 
was dominant , since the F1(Class 2) approached more nearly the awnless than 
the awned parent and also that two genetic factors could not entirely account 
for t he breeding behavior in the F2 and F3 breeding behavior. 
Nilsson - Ehle(6) obtained by mutation true-breeding forms of awnless, 
half-armed, and awned wheat s, Awnless forms were partly dominant to half-
awned and to awned , and half-awned forms to awned, He explained his results 
on the basis of multiple allelomorphs for half-awned and fully awned plants 
arising by comple:r mutation from the awnless plants. 
A parallel case in rice has been recently reported by Jones(5) who 
found evidence of two independently inherited factors :ror awnedness . In 
a cros s between a fully awned variety and an awnless one, the F1 was intermediate, 
He took his data from the F2 plants and grew some F3 progenies. He concluded 
that either of the two factors alone produced an intermediate condition and 
that the t wo together produced fully developed awns, He was unable to separate 
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his two intermediate classes. 
ct9~' t(lO) reported a strong indication of linkage between two factors 
for awnedness in a cross between pure lines of Federation and Sevier wheats . 
A pure line of each parental variety and three F2 families were used in the study . 
In two of the families, kernels from all of the F2 plants were sown for F3 
progeny rows . In the other case 74 F3 families were grown, the F2 plants from 
which these came being selected at random so far as awns were concerned , 
~true-bree~lasses, viz . , (a) fully awned similar 
to the Sevier parent ; (b) awnless, similar to the Federation parent, and 
(c) and (d) two intermediate classes. The true-breeding parental forms were 
regularly much more numerous than the true-breeding intermediate forma , The 
F2 genotypes as classified by the F3 breeding behavior rather highly substantiated 
the presence of two factors for awns, both in the sBl:le chromosome, with crossing 
over to the extent of about 35 per cent . 
In other crosses Stewart(!!) found evidence which indicated that the 
above theory was at least approxi~Ately correct . From these latter studies it 
is evident that each of the t wo factors when present separately produces a 
different, but somewhat equal major effect , The separate effects of the two 
factors could be identified not only in the true -breeding F3 progenies but also 
i n the segregat ing ones. 
DESCRIPTION OF THE P./illENI'S 
The parents used, Hard Federation and Kota, are grown only to a limited 
extent under irrigation in Utah and as yet neither are very well known in this 
- ;C.r7tL ~ ~~~ ~. -~ . ~ Hard Federation 
Hard Federation is a variety of white spring wheat which has proved 
very resistant to drouth . It was developed about 1908 by J .T. Pridham, at 
Cowra Experiment Station in New South Wales, Australia , by selection from 
J 
Federation. It was introduced into the United States in 1915 and was first 
test ed at the experiment stations at Moro, Oregon and Chico, California, 
From these two stations seed was first distributed to farmers. 
;A~- Hard Federation has awnless , oblong spikes; glabrous, 
brown glumes; end short, herd, white kernels . It is an early spring wheat 
with very st rong stems and small leaves, which twist or curl . This latter 
hab it is t hought t o decrease transpiration and Clark(2) states that it is 
undoubtedl y heritable. 
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~ Hard Federation has proved to be a high-yielding variety 
of spring wheat grown under dry-farm conditions at Moro , Oregon. It also does 
well on some soils of California . In the Pacific Coast and northern inter-
mountain states it often outyields Marquis from 5 to 10 bushels an acre, 
Kota is a variety of hard red sprin~ wheat which is resistant to black 
stem rust. The original seed of this variety was obtained in Russia by 
Professor H.L. Bolley, of the North Dakota Experiment Station, in 1903. 
~2£~ Kota has awned, fusiform spikes; glabrous , white 
glumes; and midlong , hard, red kernels . It is a mid tall, midseason , spring 
wheat which has weak to mid strong stems. 
~!J!.)>, The acre yields of Kota have averaged considerably higher 
in North and South Dakota during the past few years than those of Marquis , the 
standard variety of hard red spring wheat, as reported by Clark(2) , Kota has 
also produced good yields in the northeastern parts of Montana and Wyoming . 
It has proved some~ resistant to drouth, as well as disti nctly resistant 
to black stem rust, in the northern Great Plains area. In the more humid 
1925 primarily to study the inheritance of awns . Four families were used up to 
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the Fa gener a tion but at planting ti~~ . in 1928, all but two were discarded . 
The F1 kerne~s uere sown in rows two feet apart, with the kernels about 
a foot and a half apart in the rows, At maturity t he heads were harvested 
and the grain saved for seeding the next season, 
The kernels from the F1 plants were so•m the next season in rov1s 
one foot apart with plants three or f our inches apart in the row, Data on 
the awns of each Fa plant were taken at the time of harvest. 
In the beginning the pl ants were classified int o 5 classes according 
to awns: Awn class O(awnless) ; awn class l(short awn tips J; awn class a(short 
awns on the upper half of the spike); awn class 3(short - tip awns in lower half 
of spike and part length awns in upper half); and awnclass 4(fully awned) . A 
notation was also made as to the color of the grain and color of the glumes. 
A head from each plant was threshed to get gra in color, and the threshed 
kernels were placed in an envelope which. was marked with the pedigree number 
and saved until the following year when the kernels from each F2 plant were 
seeded in a F3 progeny row. There was, the~efore an F3 progeny of ao to 40 
plants from every Fa plant, 323 in one /~nd 316 in the other. 
It was from the F3 progeny rows that the data here reported were 
obtained, each progeny being regarded as denoting the true senotype of Fa 
plant from which it was descended . The data on the F3 progeny plants were 
taken as Boon after heading as the awns were fully developed. 
The first thing done in collecting the field data on the F3 progeny 
rows was to go through the rows and mark those which appeared to be breeding 
true for one of the a•m types and then go thru very carefully a second or 
third time, if necessary, to meke sure they were true-breedi~ 
~ter this was done the writers went through the rows which were 
segregating and made a count of the number of plants of each type found whi le 
a helper tallied these, 
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This was done by getting astride the row and gathering the heads of 
each plant in a bunch and calling off the awn class to which it belonged, 
In places where the pl ants were very thick and the culms more or less inter-
woven, it was necessary to begin at the ground grasping ell the culms of 
the plant t ogether and following these up to t he spikes. 
EXPERIMENl'AL RESULTS 
I t was at first attempted to divide the awns into five classes, i n 
keeplng with Clark•s( 2) suggestions, who t hought he found five true-breeding 
awn classes . Careful checki ng of F3 progenies and compar ison with the parents 
showed only four true -breeding classes. Hard Federation ranged from entirely 
awnless to very short beaks. Progenies with a similar range were classified 
as belonging to awn class 1. 
In family 32G there were 323 F3 progenies each from a single F2 
plant . The plants of each F3 family were classified according to awns . 
A s~ry of the data is given below: 
--------------------------~1V ________________________ ___ 
No. of F3 families breeding true for 
Awns 1 ----------------------- 18 
Awns 2 ----------------------- 21 
Awns 3 ----------------------- 20 
Awns 4 ----------------------- 19 
No . of Fa families segregating f or: 
Awns 1, 2 ----------------- 37 
Awns 1, 2, 3 -------------- 48 
Awns 1, 2 , 3 , 4 ----------- 78 
Awns 2, 3 1 4 -------------- 43 
Awns 3, 4 ----------------- 39 
In family 33F an F3 progeny of every F2 plant was likewise grown. The 
plants in each of the 316 rows were classified and the data summarized by 
families as follows: 
No . of F3 families breeding true for 
Awns 1 ----------------------- 21 
Awns 2 ----------------------- 17 
Awns 3 ----------------------- 16 
Awns 4 ----------------------- 23 
No . of F3 families segregating for: 
Awns l, 2 ------------------- 32 
Awns 1, 2, 3 ---------------- 32 
Awns l, 2 , 3, 4 ------------- 81 
Awns 2, 3 , 4 ---------------- 47 
Awns 3, 4 ------------------- 48 
An examination of the summaries of awn behavior shows that there 
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occurred 9 genotypes of plants according to awn-breeding behavior in F3 • Four 
of these bred true end five segregated each in a distinct manner . 
Let us designate full awns such as occur in the Kota parent by AATT 
(awn class 4); long apical awns but short lateral awns(awn class 3) by AAtt; well 
developed tip ewns(awn class 2) by eaTT; very short tip awns and awnless beaks 
by eatt(awn class 1). Awn class l, as here determined, has the same range as 
the awnless parent, Hard Federation . 










The expected breeding nature of the 9 zygotypes is indicated here: 
(1) Breed true for awns 4 
(2) Segregate for awns 3, 4 
(3 ) Segregate for awns 2 , 3, 4 
(4) l, 2, 3, 4 
(5) Breed true f or awns 3 
(6) Segregate for awns 1, 2, 3 
(7) 1, 2 
(8) Breed true for awns 2 
(9) 1 
Of the 9 sorts of genotype s (1), (5), (8), end (9), ere the true-
breeding fonna for awn classes 4 , 3, 2, and l respectively, Genotypes (2) 
end (3) ere each homozygous for one uominant factor and heterozygous for 
the other , (2) being heterozygous for Tt and (3) for Ae . Genotypes (6) 
-e-
and (7) differ only in that ( 6 ) is homozygous recessive for tt and heter o-
zygous for Aa , whereas (7) is homozygous recessive for aa and heterozygous 
for Tt , 
On the basis of total F3 families, the ratios of fami li es that bred 
true for awns in various ways suggest a two fact or differ ence. A strictly 
independent segregation would give approximately equal numbers in each of 
the four classes that bred true. Thi s was found i n both families studied . 
There was found a r at io that approximated a 1:2:a:4:l:a:l:a:l f or independent 
segregation, o~ a 9:3 :3:1 taking the 9 genotypes which indicates a a fac tor 
difference~ is a much closer approximation to this in f~h 
L.e___f~i_J,-:J,~Las~dness J§cfit study)~"~~ 
vTI:Jable 1 the closeness of rita ~~~~an
f or family 32G. P = , 9714 which is an extremely good fit ,~we that in 97 ,_ 
cases of 100 worse fit might be expected due to chance alone . In Table a , 
the closeness of f it for family 33F is shown to be . 45a6 which , though not 
nearly so good a fi t as found in family 3aG, still indicates a good one. 
As stated before, both these families approximate a l:a: a :4 :l: a:a: l 
ratio, which is what is expected for strictly independent segregation. It 
may , therefore , be safely concluded that the Fa genotypes as classified by 
the F3 breeding behavior rather highly substantiates the presence of two 
factors for awns , independently inherited:~~ ~ C ~~ ~ ~'---'-' 
~- /~7_~
This cross was made to study awn i nheritance and to discov~~ 
number of factors involved. 
The parents used in the cross were Hard Federation, an awnless var iety 
and Kota , a fully awned wheat • 
.fo 
I n F31;he Fa genotypes were tested by the breeding behavior of F3 
families, each from a single Fa plant. Four true - breeding classes were found 
~able 1 . Calc ated( ) and observed( ) numbers of F2 genet .es as deter rnined bJ the F3 breeding behavior 
(Family 32G; .:.-r ow:n in 1928 at Logan , Uteh) 
(0 - C)2 
( - c)2 
Genotype_ 0 c 0 - 0 --a-
~ T'l' 19 20 . 1875 - 1.1875 1.4101 . 0698 
...ATt 39 40 . 375 - 1.375 1.8806 . 0465 
-'>a'!."'' 43 40 . 375 2.625 6 . 8906 .1706 
.o.aTt 78 80 . 75 - 2 . 75 7. 5625 . 0937 
tt 20 20 .1075 .1875 . 0352 . 0012 
tt 37 40 . 375 
- 3 . 375 11.3906 . 2821 
a.a.Tt 48 40 . 375 7. 625 58 . 1416 1 . 4403 
aaTT 21 20 . 1875 .8125 , 6602 .0327 
B.!l.tt 19 20 . 1875 - 1 . 1875 1.4101 .0698 
Total 323 323 p . . 9714 :xz . 2. 2067 
-/0-
® 
Table 2 , ~alculated(C ) ~nd observed(O) numbers of plants in each avrn 
group of F2 genotypes as determined by the F3 breedinG behavior 
(F8lllily 33F; grovrn in 1928 at Loea.n, utah) 
C)! 
(0 - C) 2 
, !o -
Genotype 0 c 0 - c c 
TT 23 19.75 3 , 25 10 . 5625 . 5340 
Tt 48 39 . 50 8 . 50 72 . 2500 1 . 8291 
a '!.'I' 47 39 . 50 7.50 56 , 2500 1.4240 
AaTt 81 79.00 2. 00 4 . 0000 . 0506 
tt 16 19 . 75 - 3. 75 13. 0625 , 6669 
aatt 32 39 . 50 
- 7. 50 56 , 2500 1.4240 
a.a.Tt 32 39 , 50 
- 7. 50 56 . 2500 1 . 4240 
e.a'l'I' 17 19 . 75 
- 2. 75 7, 5525 . 3824 
eatt 21 19 . 75 1.25 1 . 5625 . 0790 
Total 316 316 .4526 2 • 7. 0148 
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and :five 1.h i ch segregated each in a distinct manner . 
;,'hen t he observed proportions of eachnof these 9 genotypes were 
s tudied b, the closeness-of-fit method, the t wo P's were 0.97 and 0 . 45, 
both good fits. It seems reasonable to conclude that there is a t wo-factor 
di fference f or awns, independently inherited . The classes were clear-cut 
and definite when determined by the F3 breeding beh~:~::~  a-.{---<--~ L-. ~ ~...#.,..~ v~J.,r_ . 
(1) 
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